Air pollution has been implicated as a chronic source of neuroinflammation and reactive oxygen species (ROS) that produce neuropathology and central nervous system (CNS) disease. Stroke incidence and Alzheimer's and Parkinson's disease pathology are linked to air pollution. Recent reports reveal that air pollution components reach the brain; systemic effects that impact lung and cardiovascular disease also impinge upon CNS health. While mechanisms driving air pollution-induced CNS pathology are poorly understood, new evidence suggests that microglial activation and changes in the blood-brain barrier are key components. Here we summarize recent findings detailing the mechanisms through which air pollution reaches the brain and activates the resident innate immune response to become a chronic source of pro-inflammatory factors and ROS, culminating in CNS disease.
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Inflammation is increasingly recognized as a causal factor in the pathology and chronic nature of central nervous system (CNS) disease [1] . While diverse environmental factors have been implicated in neuroinflammation leading to CNS pathology, air pollution may rank as the most prevalent source of environmentally induced inflammation and oxidative stress [2] . Traditionally associated with increased risk for pulmonary [3] and cardiovascular disease [4], air pollution is now also associated with CNS diseases including Alzheimer's disease, Parkinson's Disease, and stroke.
Air pollution is a multifaceted environmental toxin that can assault the CNS through diverse pathways. Until recently, the mechanisms underlying brain pathology induced by air pollution were unknown. However, despite the variable chemical and physical characteristics of air pollution and the consequent activation of multiple pathways, inflammation and oxidative stress have been identified as the common and basic mechanisms through which air pollution causes damage [4] , including adverse effects in the CNS. Furthermore, while multiple cell types in the brain are sensitive to air pollution, new reports indicate that microglia and brain capillaries may be the crucial factors responsible for cellular damage. This review describes the complex composition of air pollution, explains current views on the multifaceted mechanisms through which air pollution impacts on the CNS, and discusses new mechanistic findings implicating innate immunity and chronic neuroinflammation in CNS damage induced by air pollution.
Air pollution defined
Air pollution is comprised of a diverse mixture of particulate matter (PM), gases (e.g. ground-level ozone, carbon monoxide, sulfur oxides, nitrogen oxides), organic compounds (e.g. polycyclic aromatic hydrocarbons and endotoxins) and metals (e.g. vanadium, nickel, and manganese) present in outdoor and indoor air [5] . Of these components, PM and ground-level ozone are the most widespread health threats and have been heavily implicated in disease [2, 4] . In fact, millions of people in the USA and around the world are chronically exposed to concentrations of air pollution above promulgated safety standards [5] .
PM is especially relevant for the CNS and is present in urban air as a mixture of solid particles and liquid droplets suspended in air. The size of PM, from coarse wind-blown dust particles to ultrafine particles, contributes to their biological effects. Ambient particles are characterized by their sizes and aerodynamic properties: coarse particles with an aerodynamic diameter of 2.5 to 10 mm (PM 10 ), fine particles of less than 2.5 mm (PM 2.5 ), and ultrafine particulate matter (UFPM) of less than 0.1 mm. PM 10 particles are the respirable fraction originating from sources such as road and agricultural dust, tire wear emissions, wood combustion, construction and demolition works, and mining operations [2] . PM 2.5 are formed from gas and condensation of high temperature vapors during combustion and industrial activities. Thus, PM 2.5 are composed of both organic and inorganic compounds, including sulfates, nitrates, carbon, ammonium, hydrogen ions, lipopolysaccharides (LPS), metals, and water [2] , characteristics that contribute to their toxicity. Major sources of PM 2.5 include oil refineries, metal processing facilities, tailpipe and brake emissions from mobile sources, residential fuel combustion, power plants, and wildfires [2] . However, UFPM is widely implicated in PM-associated pathology because the nanometer size of the particles is most effective size for lung deposition, penetration, and effects extending beyond the respiratory tract [6] [7] [8] . Primary contributors to UFPM are tailpipe emissions from mobile sources (motor vehicles, aircrafts, and marine vessels) [6] . Thus, PM is physically and
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